The  Liver  as  an  Organ  oi  Elim 
ination  of  Corpuscular 
Elements. 


GUSTAV  FUTTERER.  M.I) 


REPRINTED  FROM 

MEDICINE. 

OFO.  5   DAVIS  PuhHshcr 


[reprinted  from  medicine,  august,  1895. J 

THE  LIVER  AS  AN  ORGAN  OF  ELIMINATION  OF  CORPUSCULAR 

ELEMENTS. 

BY  GUSTAV  FUTTERER,  M.D., 
Professor  of  Physical  Diagnosis,  Chicago  Policlinic. 

In  the  year  1887  {Munchener  Med.  Wochenschrift,  No.  19,  1888)  I 
succeeded  in  cultivating  typhoid  bacilli  from  the  contents  of  gall- 
bladders of  people  who  had  died  of  typhoid  fever;  finding  no  other 
germs,  I  thought  it  very  improbable  that  the  typhoid  bacilli  had  come 
there  from  the  intestinal  canal  by  way  of  the  ductus  choledochus,  but 
rather  with  the  arterial  blood  current  through  the  liver.  This,  if  true, 
would  demonstrate  a  new  and  very  important  function  of  the  liver — 
that  of  eliminating  bacterial  or  other  corpuscular  elements  from  the 
blood  current. 

I  then  commenced  experimenting  with  animals,  injecting  cultures 
of  well  marked  saprophytic  germs  subcutaneously,  into  veins,  and  into 
the  left  ventricle  of  the  heart,  and  always  succeeded  in  again  cultivat- 
ing these  germs  from  the  contents  of  the  gall-bladder.  After  injections 
into  the  heart  they  could  be  found  quickly,  while  it  necessarily  took 
longer  to  find  them  when  they  were  injected  hypodermically  or  into 
veins,  as  they  had  to  pass  the  greater  circulation  first.  Later  on, 
experiments  were  made  with  pathogenic  micro-organisms  with  the 
same  result,  thus  demonstrating  that  bacteria  may  come  to  the  liver  by 
way  of  arterial  circulation  and  be  eliminated  by  this  organ  together 
with  the  bile  into  the  gall-bladder;  also  that  they  are  not  destroyed 
by  a  bactericidal  action  of  the  bile,  but  may  be  cultivated  successfully 
from  this  fluid.  From  the  gall-bladder  they  naturally  pass  into  the 
intestinal  canal,  if  no  obstruction  of  the  common  duct  is  present, 
and  may  be  eliminated  from  the  body  together  with  the  faeces.  I  say 
they  may  be,  for  some  of  them — for  instance,  tubercle  or  typhoid  bacilli 
— may  again  invade  the  tissues  of  the  walls  of  the  intestinal  canal  and 
produce  the  characteristic  changes  of  tuberculosis  or  typhoid  fever 
(relapse).  So,  if  we  call  the  liver  an  organ  of  elimination  of  corpus- 
cular elements  from  the  blood  by  way  of  the  gall-ducts  into  the 
intestinal  canal,  this  would  be  an  incomplete  elimination;  but  these 
elements  may,  from  the  intestine,  be  carried  into  the  outer  world — 
complete  elimination.  The  liver,  of  course,  has  no  influence  on  the 
second  mode  of  elimination,  but  its  action  makes  the  complete  elimina- 
tion possible  and  in  most  cases  probable. 

Incomplete  elimination  is  a  source  of  great  danger,  the  more  so 
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as  bacteria  which  have  passed  the  liver  grow  and  multiply  readily  in 
the  bile.  I  have  tied  off  gall-bladders  in  typhoid  cadavers,  kept  them 
in  a  glass  box  for  several  days,  and  then  examined  the  contents  by 
culture  methods;  these  examinations  showed  that  typhoid  bacilli  were 
present  in  pure  cultures  and  in  such  great  numbers  that  their  having 
multiplied  was  beyond  question.  Considering  that  in  bacterial  inva- 
sions the  quantity  of  the  invading  material  is  a  very  important  factor, 
we  must  say  that  a  few  germs  having  reached  the  gall-bladder  by  way 
of  the  liver,  having  multiplied  in  the  bile  and  thus  reached  the  intesti- 
nal canal,  can,  under  favorable  conditions,  again  invade  and  cause 
tuberculosis,  typhoid,  etc.  The  relapses  in  typhoid  fever  are  certainly 
caused  in  this  way,  and  they  are  the  best  proof  of  the  great  danger  of 
incomplete  elimination;  the  late  relapses  are  partly  accounted  for  by 
the  histological  changes  in  the  liver  which  take  place  during  this  dis- 
ease. The  typhoid  bacillus  has  a  peculiarity  that  brings  it  nearer  to 
the  tubercle  bacillus  than  any  other  germ;  I  refer  to  its  formative 
action  on  cells,  which  finds  its  expression  in  the  formation  of  so-called 
lymphatic  nodules  in  the  liver  during  typhoid,  which  may  prevent  the 
elimination  of  some  typhoid  bacilli  until  degeneration  takes  place,  thus 
freeing  the  bacilli.  As  the  atrophy  of  these  nodules  may  come  sooner 
or  later,  their  bearing  on  the  question  is  plain.  While  this  is  probably 
the  most  common  cause  of  retention  of  typhoid  bacilli,  there  may  be  a 
number  of  other  factors— for  instance,  histological  changes  in  the  liver 
preventing  filtration  of  bile  would  favor  retention,  and  any  obstruction 
in  the  biliary  passages  down  to  the  common  duct  will  do  the  same; 
thus  a  gastro-enteritis,  causing  an  obstruction  or  partial  obstruction  of 
the  common  duct  at  the  end  of  typhoid  fever,  on  removal  of  this 
obstruction  becomes  the  cause  of  a  relapse.  In  general  sepsis  the 
eliminating  function  of  the  liver  may  also  play  an  important  part,  and 
it  may  even  be  the  cause  of  septic  diarrhoea. 

As  mentioned  above,  I  have  made  all  these  experiments  and 
examinations,  and  reached  these  conclusions  in  the  year  1887,  and 
published  my  opinion  on  the  subject  in  No.  19  of  Munchener  Medi- 
cinische  Wochenschrift,  1888,  at  a  time  when  no  literature  whatever 
existed  on  the  subject.  vSince  then  I  have  made  use  of  every  occasion 
to  verify  the  results  of  my  experiments,  and  have  had  no  occasion  to 
change  or  modify  my  opinion. 

In  the  year  1890  Gilbert  and  Girode  published  a  case  of  chole- 
cystitis typhosus  {La  Semaine  Med) ;  they  found  other  germs  besides 
the  typhoid  bacillus,  and  Neunyn  and  Letienne  did  the  same  in  189 1. 
Letienne  examined  the  contents  of  gall-bladders  of  typhoid  cases, 
finding  one  sterile  and  the  other  to  contain  a  bacillus  which,  he  said, 
might  be  the  typhoid  bacillus  or  the  Bacillus  coli  commune  {Arch,  de 
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Mid.  Exper.  et  d'Anatom.  Path.,  iii,  No.  6,  1891).  Dupre  (Les  Infec- 
tions Biliaires,  Paris,  1891)  reports  two  cases  of  typhoid  fever  with 
typhoid  bacilli  in  the  gall-bladder.  His  second  case  is  very  remark- 
able: a  woman  was  operated  on  for  cholelithiasis  eight  months  after 
she  had  had  typhoid  fever,  and  the  bile  which  flowed  out  of  the  gall- 
bladder during  operation  contained  typhoid  bacilli. 

Corrado  [Centralblait  fiir  Bacteriologie,  xi,  1891)  was  able  to  show 
that  in  different  infectious  diseases  the  respective  germs  passed  into 
the  gall-bladder  and  into  the  intestinal  canal. 

Blackstein  and  Gabbi  {Johns  Hopkins  Hospital  Bulletin)  reported 
that  they  had  injected  cultures  of  typhoid  bacilli  and  of  the  bacterium 
coli  commune  in  the  ear  vein  of  a  rabbit,  and  then  succeeded  in  culti- 
vating them  again  from  the  contents  of  the  gall-bladder. 

Chiari  of  Prague  (1893)  reported  to  the  International  Medical 
Congress  at  Rome  a  number  of  cases  in  which  he  made  the  necessary 
examinations,  leading  to  the  following  conclusions: 

1.  The  typhoid  bacillus  was,  in  most  cases,  the  only  germ  that 
could  be  cultivated  from  the  gall-bladder. 

2.  The  number  of  typhoid  bacilli  was  often  very  great. 

3.  Their  presence  in  the  gall-bladder  is  not  the  exception  but  the 

rule. 

4.  Inflammation  of  the  walls  of  the  gall-bladder  was  found 
repeatedly. 

5.  Typhoid  bacilli  may  get  into  the  gall-bladder  from  the  intes- 
tinal canal,  by  the  blood  current  or  through  the  walls  of  the  gall- 
bladder. 

6.  The  growth  of  typhoid  bacilli  in  the  gall-bladder  seems  to  be 
established,  and  he  believes  that  the  gall-ducts  are  a  favorable  place 
for  their  development. 

Dufourt  (Infections  Biliaire  et  Lithiase,  1893)  reports  that  nine- 
teen of  his  cases  of  cholelithiasis  had  their  first  colic  shortly  after 
typhoid  fever. 

Lately  I  made  the  following  experiment: 

Dr.  W.  P.  Verity  kindly  having  made  a  gall-bladder  fistula  in  a 
dog,  the  ducts  were  ligated  and  a  culture  of  staphylococcus  injected 
subcutaneously  at  4.35  p.m.  At  4.40  p.m.  inoculations  from  the  gall- 
bladder were  made  on  beef  agar,  to  ascertain  what  germ  might  be 
present,  and  especially  to  learn  if  the  staphylococcus  aureus  was  not 
there  already.  The  inoculations,  made  every  five  minutes  for  the  first 
forty-five  minutes,  and  later  every  ten  minutes,  until  5.15  p.m.,  showed 
white  colonies  in  every  instance.  Then  the  staphylococcus  aureus 
appeared  mixed  with  the  white  colonies,  and  kept  on  increasing  in 
number  until  6.30  p.m.,  when  the  experiment  was  closed.    The  ligation 
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of  the  ductus  choledochus  enabled  me  to  find  the  germs  much  quicker 
than  I  had  ever  done  before.  I  may  also  mention  that  in  inoculations 
on  sterilized  bouillon  or  beef  gelatin  the  glasses  are  kept  for  several 
days  in  an  incubator  at  a  temperature  of  37.5°  C,  then  inoculations 
from  these  flasks  are  made  upon  firm  beef  agar;  in  this  way  we  are 
able  to  get  a  positive  result  even  if  there  are  only  one  or  two  germs 
in  the  drop  of  bile  taken  for  examination. 

I  then  injected  hypodermically  into  the  same  dog  a  solution  of 
iodide  of  potassium,  to  see  how  much  quicker  this  chemical  would 
appear  in  the  gall-bladder  than  bacteria.  Thinking  that  it  would 
take  at  least  five  minutes,  I  made  my  first  test  after  the  lapse  of  that 
time  and  found  such  a  positive  reaction  that  I  believe  it  may  have 
been  there  two  minutes  earlier. 

Taking  everything  into  consideration,  what  I  have  observed  and 
others  have  found,  I  believe  that  the  following  conclusions  are  justi- 
fiable: 

1.  The  liver  eliminates  germs  or  corpuscular  elements  from  the 
blood  current.  (Fiitterer.) 

2.  The  bile  does  not  destroy  germs,  but  allows  them  to  multiply. 
(Fiitterer.) 

3.  Relapses  of  typhoid  fever  may  be  caused  by  typhoid  bacilli 
entering  the  intestinal  canal  by  way  of  the  ductus  choledochus. 
(Fiitterer.) 

4.  Tubercular  enteritis  can  be  caused  in  the  same  way.  (Fut- 
terer.) 

5.  Diarrhoea  in  general  sepsis  may  also  be  caused  in  this  way. 
(Fiitterer.) 

6.  Typhoid  bacilli  may  form  the  nucleus  of  gall-stones.  (Dufourt, 
Chiari.) 

7.  Typhoid  bacilli,  on  their  way  through  the  liver,  can  cause 
inflammation  of  the  gall-ducts.  (Dupre.) 

8.  There  is  a  condition  deserving  the  name  cholecystitis  typhosa. 
(Gilbert  and  Girode.) 

9.  Typhoid  bacilli  may  be  found  in  the  gall-bladder  eight  months 
after  a  typhoid  fever,  if  an  obstruction  prevents  their  being  eliminated 
into  the  intestinal  canal.  (Dupre.) 

10.  Iodide  of  potassium  injected  hypodermically  can  be  found  in 
the  gall-bladder  after  the  lapse  of  five  minutes,  and  probably  even 
sooner.  (Fiitterer.) 
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This  is  the  title  of  a  new  medical  monthly 
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a  staff  of  expert  collaborators  and  contnbU' 
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medical  talent  of  the  Northwest.  Medicine, 
moreover,  is  representative  of  no  college, 
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A  journal  of  such  complete  independence 
and  high  literary  standing  as  Medicine  has 
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